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Introduction

Increasing energy security and decreasing dependence on fossil fuels are major objectives
for the Department of Defense (DoD).  An important step towards these objectives is to
generate, store, and distribute power from local sources, such as renewable energy systems
like wind, solar, geothermal and biomass.   Energy micro-grids promise to provide the
capability to incorporate these renewable energy sources, convert and store the energy
derived from them, and distribute this energy when and where it is needed.  These micro-
grids can operate independent of national grid systems, or they can be connected to
external grids. They can also accommodate other advanced non-polluting distributed
generation (DG) technologies like fuel cells and micro-turbines.

Currently, renewable energy technologies are being integrated into military installation
power grids through custom engineering, one system at a time, to interconnect and run in
parallel with the local utility.  This configuration gives the military users very little control
over the power that is generated and no capability at all of redistributing power to mission
critical facilities during a commercial power outage or any off-grid situation.  Further, this
approach serves only on-grid, fixed facilities – and doesn’t easily plug-and-play across the
spectrum of military power needs, “from home station to foxhole.”

In addition, emergency back-up power capability for mission critical facilities at military
installations is presently supplied by conventional engine-driven generators, typically diesel
generators, which release high levels of toxic air contaminants, criteria pollutants, and
greenhouse gases.  Usually, these units are oversized and sometimes a redundant generator
is provided, to ensure that the critical loads are served.  If these units fail to come on line
during an emergency, it is difficult and time consuming to replace them with working
generators.  Also, determination of which facilities are mission critical can be a very
dynamic process, depending on the specific situation.  However, moving the generators to
where they are needed is also difficult and time consuming.

One way to overcome these problems is to network power systems together in an
intelligent micro-grid.  Through the development of a plug-and-play interconnected micro-
grid, the military will be able to: 1.) more readily install future renewable energy systems;
and 2.) more effectively control and optimally benefit from the power that is generated
from all of its DG assets.  The micro-grid can provide these capabilities during both normal
grid-connected, and emergency “islanded”, operating conditions.  Additionally, micro-grids
can be scaled to serve fixed facilities in remote off-grid areas, forward operating bases,
tactical operating centers, and for reconstruction missions.

The reconstruction mission application can be further defined as the use of the micro-grid
concept to initially restore power to a conventional grid, which has been damaged through
natural disaster or combat operations.  Until the central power plant and distribution
system are repaired, available and appropriate DG units can be moved into place and
networked together in a micro-grid fashion.  The most critical loads would be served at
first and then, if more DG becomes available and integrated with the micro-grid, secondary
loads could also be served.



The emergency micro-grid would remain in place until the repaired central power plant is
transitioned back into the distribution network.  The key advantage here is the ability to
restore power to critical facilities in a matter of days or even hours, rather than the weeks
or months to re-energize the conventional grid.

Description of the Military Micro-grid Concept

A scalable, onsite power grid architecture is an aggregation of load, supply, energy storage
interconnections points (nodes), and controllers, networked along low voltage distribution
feeders (see figure on page 3).  This system provides a sustainable and seamless energy
solution for the military installation to transition its power posture, during times of high
peak power demand (peak shaving mode), other commercial power modes of operation
(economic decision-making mode), and commercial power disruptions (islanding mode),
resulting from natural or man-made events.   This architecture facilitates onsite renewable
power conditioning and routing to any section of the grid, at the discretion of the military
commander.   Some characteristics of a military micro-grid include:

Scalability:  Micro-grids provide plug-and-play implementation of sustainable and renewable
DG technologies, with reduction in fossil fuel consumption and associated air emissions,
and enhanced use of the energy that is delivered to the power grid by these systems.  The
network control systems are sustainable and can scale up or down to fit the  specific
military operation, including utility grid-connected facilities, off-grid training areas,
contingency operations such as forward operating bases (FOBs) and tactical operation
centers (TOCs), and reconstruction missions.

 Adaptability:  Micro-grids provide enhanced energy security for critical facilities during
emergency operations, caused by equipment failure or human error on the local or regional
grid, natural disaster, or deliberate sabotage or terrorist attack.  This provides the military
commander with the capability to dynamically load shed non-critical operations and
strategically dispatch power wherever vital loads must be served at any point in time,
without affecting grid stability.

Local Control:  Micro-grids allow for rapid event response and adaptive control to
accommodate time-intensive operations and digital power requirement loads that are
sensitive to power quality disturbances (variations in sinusoidal waveform).  This capability
also mitigates potential instabilities that may result from high renewable power penetration
on the installation’s distribution grid.

Energy Storage:  During normal operating conditions, micro-grid control architecture uses
economic decision criteria for directing power flows and to meet load demand, so that all
power from the local DG assets is used most cost-effectively, whether to help limit peak
utility demand or to store the energy for use later.  During emergency operations, stored
energy is used strategically with dynamic load shedding to maximize finite locally-stored
power and fuel, and to enhance grid stability.  This extends local energy availability and the
number of days that the islanded systems can survive the commercial power outage.

Security, Reliability, and Sustainability: An intelligent micro-grid is a holistic approach to
power generation, energy storage, distribution, and demand-side dynamic load shedding,
based on decision criteria that are determined through critical mission decomposition and
consequence modeling.  Micro-grids enhance security, reliability, and sustainability, by
reducing dependence on external power grids and energy supplies, though greater use of
local renewable resources and optimization of the power delivered by conventional DG
sources.



Environmental and Sustainability Benefits

In addition to the environmental and sustainability benefits already mentioned, a military
micro-grid capability would also provide DoD with a means of meeting the goals of one
new and one emerging requirement.  The January 2007 Executive Order 13423,
Strengthening Federal Environmental, Energy, and Transportation Management, calls for at
least half of the renewable energy consumed by a federal agency in a fiscal year, to come
from new renewable sources and, to the extent possible, the agency should implement
renewable energy generation projects on agency property, for agency use.

The emerging requirement is a part of draft recommendations by the Facilities Panel of the
Defense Science Board Task Force on the development of a new DoD energy strategy.  The
recommendation says that by 2025 all installations will be able to sustain critical mission
capabilities for a minimum period of six months, without any reliance on the off-post
commercial power grids or fuel supplies.  No such standard exists today; uninterrupted
power generators for a few limited facilities like hospitals are currently designed to supply
minimum power no longer than 3 to 5 days.  The development of micro-grid capabilities for
various military uses can be an important step towards facilitating expanded use of
renewable energy technologies and optimizing the power they generate for enhanced
mission sustainability.

Challenges, Solutions, and Conclusions

While there are several test micro-grids now in use at various locations, including some on
military bases, there are still technical challenges to address before micro-grids can be
widely used for military applications.  Control architecture is the biggest challenge.  Various
control architectures that optimize scalable power grid performance, with respect to
economics, sustainability, and energy security, must be evaluated.

Successful development of micro-grid capabilities for military applications will provide a
number of economic, operational, and environmental benefits, including significant
reduction in fossil fuel consumption and associated air pollution emissions.  The micro-grid
concept might also be used to more quickly re-energize a conventional power grid that has
been damaged by natural disaster or combat operations.

For more information, please contact Roch Ducey at the Engineer Research and
Development Center’s Construction Engineering Research Laboratory, 217-373-6760,
Roch.A.Ducey@erdc.usace.army.mil



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


